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Abstract
Until recently, Type 2 diabetes was typically regarded as a disease of the middleaged and elderly. While it is still true that this age group maintains a higher risk than
younger adults, evidence is accumulating that onset in those of a much younger age.
Children and adolescents are now part of this epidemic. This new phenomenon brings a
serious new aspect to the global diabetes epidemic and heralds an emerging public health
problem of major proportions. Prevention and treatment in these youth cannot be taken
lightly. Prevention can be maintained through implementing exercise and balanced
nutrition. It is essential to involve the whole society in this prevention process including
schools, healthcare workers, friends and families. Treatment is important to help these
youth avoid further complications later in life. Treatment involves weight loss, exercise,
medication and maintenance of the disease. Type 2 diabetes in our youth is a serious
concern and needs to be recognized as such if the problem is to be corrected.

Introduction
An epidemic of obesity is sweeping our nation. As one walks through a crowded
airport or mall, the prevalence of obesity is immediately apparent. In people over 20
years of age, obesity now affects about 33% of that population (1 ). In children and
adolescents, obesity has increased by almost 50% over the past 20 years and has an
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estimated prevalence of at least 25% ( 1). While genetics plays a role in this trend, it is
also likely that increased fast-food consumption and sedentary lifestyle are contributing
factors.
Major complications and risks associated with childhood obesity include
psychosocial disturbances, hypertension, hyperlipidemia, respiratory dysfunction, and
Type 2 diabetes mellitus. As body mass index (BMI, kg/height in rn2) increases to
values above 27, the risk for developing these complications increase (1 ).

Prevention

and intervention is the key to overcoming these complications. Unfortunately, in many
cases, intervention strategies are ineffective, and complications occur, one of the most
common of which is Type 2 diabetes mellitus. In, fact recent findings reported at a
consensus conference on Type 2 diabetes in children indicate that out of every nine
reported cases of diabetes in children eight of them are Type 2 diabetes (2).

Epidemiology

Over the last decade, Type 2 diabetes has emerged as an increasingly common
pediatric disease (3). In many parts of the world and among certain ethnic groups, the
prevalence of Type 2 diabetes in adolescents is now equal to or greater than that of Type
1 diabetes. With the youngest child being diagnosed at the age of eight (4 ), and the mean
diagnosis at the age of 12-14 years (5).
The Pima Indians in Arizona who are known to have a high prevalence of
diabetes have been extensively studied. An analysis from 1992 to 1996 revealed a
prevalence of Type 2 diabetes of 22.3 per 1,000 in the 10-to 14-year-old age group and
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50.9 per 1,000 in the 15-to 19-year-old age group (6). The NHANES (National Health
and Nutrition Examination Survey) projected a national prevalence for all types of
diabetes to be 4.1 per 1,000 in youth (6).
This rise in Type 2 diabetes in youth is not limited to North America. In Tokyo,
Japan, incidence has doubled from 7.3 per 100,000 in 1976-1980 to 13.9 per 100,000 in
1991-1995 (7). Although the population based studies are carefully done and accurately
reflect the populations examined, case study reports probably underestimate the
magnitude of the problem, since they only describe the diagnosed cases. If pediatric
Type 2 diabetes mirrors the adult experience, there will be many affected individuals who
are undiagnosed. There is also suspicion that with the relatively recent recognition of
Type 2 diabetes in this age group many children are still being misdiagnosed as having
Type 1 diabetes. The Chicago registry reported that this misclassification happens in
about 25% of the reported cases (6).

Etiology

In most cases, Type 2 diabetes results from a combination of insulin resistance
and beta-cell failure, but the extent to which each of these factors contributes to the
development of the disease is unclear. Endogenous insulin levels may be normal,
depressed, or elevated, but they are inadequate to overcome concomitant insulin
resistance; (6) as a result, hyperglycemia ensues. Insulin resistance is first demonstrated
in target tissues, mainly muscle and the liver. Initially, there is a compensatory increase
in insulin secretion, which maintains normal glucose concentrations, but as the disease

4

progresses, insulin production gradually decreases (1). Hyperglycemia is first exhibited
as an elevation in postprandial (after a meal) blood glucose caused by insulin resistance at
the cellular level and is followed by an elevation in fasting glucose concentrations. As
insulin secretion decreases, hepatic glucose production increases causing an increase in
preprandial (fasting) blood glucose levels (8). Insulin resistance is also demonstrated at
the adipocyte level, leading to lipolysis and an elevation of circulating free fatty acids.
Increased fatty acids cause a further decrease in insulin sensitivity at the cellular level,
impair pancreatic insulin secretion, and augment hepatic glucose production, which also
contribute to the progression of Type 2 diabetes.
Puberty appears to play a major role in the development of Type 2 diabetes in
children. During puberty, there is increased resistance to the action of insulin, resulting
in hyperinsulinemia (6). Both growth hormone and sex steroids have been considered as
candidates for causing insulin resistance during puberty (6). However, the fact that sex
steroids remain elevated after puberty while insulin resistance decreases makes sex
steroids an unlikely cause of insulin resistance. Conversely, growth hormone levels
increase during puberty coincidental with the decrease in insulin action. In addition,
administering growth hormone to non-growth hormone-deficient adolescents is
associated with deterioration in insulin action, while testosterone administration has no
such effect (6). Thus, increased growth hormone secretion is most likely responsible for
the insulin resistance during puberty, and both growth hormone secretion and insulin
resistance decline with completion of puberty.
Given this information, it is not surprising that the peak age at presentation of
Type 2 diabetes in children coincides with the usual age of mid-puberty (6). In an
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individual who has a genetic predisposition for insulin resistance, compounded with
environmental risk exposure, the additional burden of insulin resistance during puberty
may tip the balance from a state of compensated hyperinsulinemia with normal glucose
tolerance to an inadequate insulin secretion and glucose intolerance that continues
beyond puberty.

Evaluation

The presentation of children who have Type 2 diabetes is typically more insidious
than that of those with type 1 diabetes (1). Typically children and adolescents with
immune-mediated Type 1 diabetes are not overweight and have recent weight-loss,
polyuria (excessive urination), and polydipsia (excessive thirst), and present with diabetic
ketoacidosis. As the U.S. population becomes increasingly overweight, however, the
percentage of children with immune-mediated Type 1 diabetes who are obese are
increasing. As many as 24% may be obese upon diagnosis (6). In contrast children with
Type 2 diabetes are overweight or obese at diagnosis and present with glycosuria
(glucose in the urine) without ketonuria (ketones in the urine), absent or mild polyuria
and polydypsia, and little or no weight loss (6). Often these children seek medical care
due to other circumstances, such as excessive weight gain, fatigue, or a routine physical.
Except for concerns of weight gain, the child's history could seem somewhat vague and
need clarification.
Family history provides important clues. The parents of children who are obese
are often overweight as well. If both parents are obese, about 80% of their children are
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overweight, and if one parent is overweight, the occurrence of obesity in their children
decreases to 40% (1).
Ethnic background is another important consideration. Over the past 20 years, the
incidence of Type 2 diabetes in minority populations has increased dramatically (9).
Children and adolescents with African-American, Mexican-American, and NativeAmerican backgrounds are at the greatest risk and represent the greatest majority.
Physical examination can also be helpful. It is important to take accurate
measurements of the chlld and plot them on an appropriate growth chart. Fat distribution
(central or gynoid) and habitus should be described along with the presence or absence of
acanthosis nigricans ( 1). When present, acanthosis is typically seen at the base of the
neck and in the axillae, anogent~al area, and skin folds. It is velvety in appearance and
has a brown-black color. Many times patients and parents trunk the acanthosis is dirty
skin and unsuccessfully try to remove it with soap and water. Acanthosis is a helpful
physical sign, since it is a manifestation of hyperinsulinemia and insulin resistance (1).
The recommended laboratory tests that should be performed are a fasting plasma
glucose (FPG) and 2-h plasma glucose. The FPG is preferred because of its lower cost
and greater convenience. Upon the results of these tests, further tests may be carried out
such as, lipoproteins (cholesterol, high density lipoprotein, and triglycerides), HbAlc
(range of blood glucose over 3 months), urinalysis, and checking for signs of
hypertension. These results combined with the above information should improve the
accuracy for a correct diagnosis of Type 2 diabetes.
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Girls are 1.7 times more likely than boys to develop Type 2 diabetes. The reason
for this is not clear, and it appears to be a special feature of Type 2 diabetes in youth, as
sex differences in diabetes prevalence are only a very minor feature in adults (7).
Physical inactivity is a major contributor to overweight and obesity, which in tum
is a major contributor to Type 2 diabetes. A longitudinal study of girls in the U.S.
showed a marked decline in physical activity over 10 years, such that by the age 16-17
years, 56% of black and 31 % of white girls reported no leisure-time physical activity
(10). Pregnancy, cigarette smoking, higher body mass index (BMI), and lower
socioeconomic status were all associated with a decline in physical activity. Participation
in physical education in U.S. schools fell from 41.6% in 1991 to 24.5% in 1995 (11).
Television time has been linked with childhood obesity, which may be associated
with the rise in consumption in high fat and high-energy foods. On the average,
children's programming in the U.S. includes 10 food advertisements hourly, more than
twice that in adult viewing (12).

Complications

What are the consequences then of childhood obesity? What does it mean for the
child, the family and society as a whole? Among Pima Indians with type 2 diabetes
diagnosed during childhood, microalbuminuria was seen in 22% at diagnosis and in 58%
upon follow-up, macroalbuminauria in Oto 16%, and hypercholesterolemia in 18 to 30%,
suggesting the tendency to progression of both micro- and macrovascular complications
(13). With a diagnosis of Type 2 diabetes at such a young age the complications that are

8

seen in adults after 20 years of diabetes will be seen in children only they will just be
reaching the ages of 30-40 years.
After a 20-year diabetes duration, 50 of 1,065 Japanese persons with onset of type
2 diabetes before the age 30, whose mean age at diagnosis was 20, required dialysis and
128 had developed proliferative retinopathy before age 35, of who 23% were on dialysis
(14). Children developing end-stage renal disease have a 1,000-fold increase in
cardiovascular disease mortality in young adulthood that is associated with hypertension
and dyslipidemia suggesting a particular challenge (14). Fibrous plaque lesions were
found to be present in the aorta and coronary arteries of children and young adults with
Type 2 diabetes and are associated with obesity, dyslipidemia, and cigarette use (15).
Cardiovascular disease is a major risk in Type 2 diabetes and will only increase and get
worse with this current rise in Type 2 diabetes in youth.

Treatment

The appearance of Type 2 diabetes in a younger age group raises new issues in
management of diabetes apart~

the difficulty of classification. What therapies are
C:-, ,

safe in this age group? Most ph~cal

medications for diabetes are not approved for

use in children (apart from insulin), and the same applies with blood pressure and lipid
lowering medications. The goals of treatment for Type 2 diabetes in children and
adolescents are, consistent exercise, balanced nutrition, lifestyle modification, education,
proper us of medication, and consistent monitoring and maintenance.
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Exercise has been proven to have a beneficial effect on insulin sensitivity, and
aerobic exercise is the one of the main treatments for obesity, with or without diabetes
(1). Ideally exercise should be daily for about 20 to 30 minutes and should be active
enough to achieve and maintain a heart rate of about 80% maximum. Although simple,
regular exercise is often difficult for many children and adolescents. Schedules and
inaccessibility of exercise equipment, safe places to play, and lack of motivation are
confounding factors. Even in homes were exercise equipment is available, it is difficult
for many children to establish a routine given the distractions of television and video
games. Consequently the best alternative is usually organized activities such as soccer,
basketball, gymnastic, dance, or karate. Often it is found if the parent exercises, the child
is more likely to take an interest in physical activity. The benefits that will come from
regular exercise are weight loss, better insulin sensitivity, more controlled blood glucose,
and increased confidence.
Many people mistakenly believe that a diet is the solution to obesity. In growing
children and adolescents, however, a marked reduction in caloric and nutrient intake may
have an adverse effect on height gain (1). A reduction in caloric intake will not
necessarily lead to improvement in obesity, since insulin sensitivity is not typically
facilitated by dietary restriction alone. Successful weight reduction occurs when insulin
resistance decreases, and that effect is most readily combined with exercise. At the onset
of diagnosis it is helpful to meet with a clinical dietitian to discuss food concerns. Many
of the nutritional suggestions that should be implemented are portion control, appropriate
calories for age, ideas for healthy food choices, avoidance of food while watching
television, and encouraging positive eating habits with family members. Many of these
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suggestions can show a marked difference in the child's energy level, and weight
reduction will eventually occur.
Lifestyle issues are of great importance in the pediatric population, in terms of
both pathogenesis and management of Type 2 diabetes. In many instances the issues that
children face today are similar to those that are seen in adults. Research done at the
Oregon Institute studied barriers that keep people form optimal diabetes management
( 16). In their studies of both Type 1 and Type 2 diabetes, they found that the activities
related to diabetes management that were seen as presenting significantly more barriers
were also the activities that yielded the lowest adherence scores. Four general activities
that patients and family members must do are control their diet, maintain an adequate
exercise regimen, take medications, and monitor blood glucose levels. They found that
tasks resulting in more rapid feedback (taking medications) were less likely to be skipped
compared to those that were more long-term in nature and provided no clear-cut
feedback. The implications of the above results indicate that the most challenging
barriers facing children, adolescents and their families are related to their choice of
appropriate long-term lifestyle changes, such as healthy eating, exercising, and diabetes
monitoring. These lifestyle changes are happening at a time when the world and the
family are consumed with time saving, electronics, and television, these changes will be
difficult. A conscious effort must be made within families to modify the sedentary
lifestyle activities that are contributing to the risk of obesity and Type 2 diabetes (1 ).
Education is a key to managing diabetes. Children and adolescents with diabetes
and their families should receive clear and concise instruction about the pathogenesis of
diabetes, care, management, and implications. A team approach is essential in diabetes

11

care, with every member being actively involved. The family is a key motivator for the
child and should be taught and educated as if they were the patient.
The use of oral hypoglycemic agents in the pediatric population is limited. Many
children are able to achieve glycemic control through exercise and diet. If diabetes is not
adequately controlled then sulfonylureas and metformin are typically prescribed (7).
Metformin is the only drug in the U.S. that has been approved for pediatric use. With
limited options pharmacologically it is essential to implement exercise and diet.
Patients should be able to effectively monitor their blood glucose. A goal of a
fasting blood glucose of 80 to 120mg/dl is appropriate with a goal of a 2-hour
postparandial glucose being 180mg/dl. An HbAlc should be checked every 3 months
and the goal should be <7%, which correlates with an average blood glucose of
<l 50mg/dl. Treatment for diabetes needs to be done quickly and accurately to eliminate
future complications.

Prevention

In an analysis of 173 Mexican-American children age 9 years from a low-income
neighborhood, ingestion of total and saturated fat was greater than recommended national
dietary guidelines and reported daily fruit and vegetable intake was half of what was
recommended. Their physical fitness level was low, they watched television of average
of 3.5 hours daily, and they had high body fat. Sixty percent of these children had a
relative with Type 2 diabetes. The best strategy to prevent Type 2 diabetes in the
pediatric population is to identify children and adolescents with obesity who are at risk
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and then intervene with regular exercise, less sedentary activity, and healthy eating. It
will take social support in the classroom, home, school cafeteria, healthcare providers,
and among friends and classmates. These groups will need the education themselves to
know what their role is and how they can help. Combining efforts and education will be
the key to halting the progression of this disease in our children.

Conclusion

Type 2 diabetes is becoming an increasingly prevalent disorder among children
and adolescents who are driven, as in the case with adults, by lifestyle factors leading to
increased body weight, sedentary lifestyle, and decrease in exercise. If the prevalence of
obesity continues to grow, the disease burden will surely increase further. As overweight
children become overweight adults, the micro and macrovascular complications
associated with obesity and health care costs are likely to increase even more (17).
Prevention must remain a high priority if we are to stop Type 2 diabetes in our children.

13

REFRENCES

1) Fulop M, Hansen J, Hunter M. Type 2 Diabetes Mellitus in Youth: A Growing
Challenge. J ofClin Diab 2000 Vol 18:2
2) American Diabetes Association. Consensus Statement: Type 2 Diabetes in Children.
Diab Care 2000 23:381-89

3) B~Ret T, Caprio S, Savoye M, Taksali S, Tamborlane W, Weiss R. Predicators of
C~ges in Glucose Tolerance Status in Obese Youth. Diab Care, 2005 28:902-909
4) International Diabetes Federation. Type 2 Diabetes in the Young.
<h11p: 11·ww.eat/as.id{org/Prevalence/Trpe 2 in the 1·011m:>Feb
17, 2006
5) Betts P, Crowne E, Drake A, Shield J, Smith A. Type 2 Diabetes in obese white
children. Arch of Dis in Childh, 2002; 86:207-208
6) American Diabetes Association. Type 2 Diabetes in Children and Adolescents. J of
Amerc Acad Ped, 2000 Mar Vol 105;3: 671-680
7) Alberti G, Bloomgarden Z, Kaufman F, Shaw J, Silink M, Zimmet P. Type 2
Diabetes in the Young: The Evolving Epidemic. Diab Care, 2004, 27:1798-1811
8) Mahan LK, Escott-Stump S. Krause's Food, Nutrition Therapy 11th Edition.
Philadelphia, PA: WB Saunder's Company; 2004 pp.797.
9) Centers for Disease Control. Diabetes Fact Sheet.
<http: 11·11·wcdc.govJiahetesp11bsfactsheets,search.h1111>

February 17, 2006

10) Kimm S, Glynn N, Kriska A, Fitzgerald S, Aaron D, Simi lo S, McMahon R, Barton
B. Longitudinal changes in physical activity in a biracial cohort during adolescents.
Med Sci Sports Exer 2000; 32:1445-1454
11) Nesmith J. Type 2 diabetes in children and adolescents. Pediatr Rev 2001; 22:147152
12) Lowry R, Weschler H, Clauska D, Fulton J, Kann L, Television viewing and its
association with overweight, sedentary lifestyle, and insufficient consumption of
fruits and vegtables among US high school students: differences by race, ethnicity,
and gender. J Sch Health 2002; 72:413-421

14

13) Stride A, Shepherd M, Frayling T, Bulman M, Ellard S, Hattersley A, Intrauterine
hyperglycemia is associated with an earlier diagnosis of diabetes in HNF-1 gene
mutation carriers 2002; 25:2287-2291
14) Pinhas-Hamiel 0, Standiford D, Hamiel D, Dolan L, Cohen R, Zeitler P. They type 2
family: a setting for development and treatment of adolescent type 2 diabetes
mellitus. Arch Pediatr Adolesc Med 1999; 153: 1063-1067
15) Tang M, Chen Y, Krewski D. Gender related differences in the association between
socioeconomic status and self-reported diabetes. Int J Epidemiol 2003; 32:381-385
16) Lernmark A, Rapid-onset type 1 diabetes with pancreatic exocrine dysfunction. N
Engl J Med 2000; 342:344-45.
17) Wang G, Dietz W. Economic Burden of Obesity in Youths Aged 6 to 17 Years: 19791999. 2002; Vol 109:5

